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In t h i s  Letter we report  -- t he  d i r ec t  observation of in te rp lane tary  electrons 
of energy above 3 MdV with the  IMP-I satellite (&cplorer 18)- 
Electrons observed i n  t h e  primary interplanetary r ad ia t ion  i n  the  BeV 
energy region by Earl' and i n  t he  200-MeV energy region by Meyer and Vogt' are 
believed t o  be of g a l a c t i c  o r ig in  because t h e i r  energies are as high as those 
assumed t o  be necessary for t h e i r  penetration i n t o  t h e  inner s o l a r  system and 
because t h e i r  measured i n t e n s i t y  agrees with t h a t  which w a s  an t ic ipa ted  t o  
account for g a l a c t i c  r ad io  emission. Support w a s  l e n t  t o  t h i s  hypothesis when 
the  modulation characteristics of these  p a r t i c l e s  were observed3 t o  be similar 
t o  those of cosmic-ray protons and t h e i r  posi t ron-to-electron r a t i o  was found 4 
t o  be compatible with an o r i g i n  of a t  least half of them i n  meson-producing 
cosmic-ray in t e rac t ions  i n  the  i n t e r s t e l l a r  medium, 
of an in te rp lane tary  flux of electrons lower i n  energy by orders of magnitude 
is i n t e r e s t i n g  because of t h e  poss ib i l i t y  t h a t  these  too may have a cosmic or igin.  
W e  feel t h a t  t h e  exis tence 
If so, t h e i r  study should y i e ld  e n t i r e l y  new information about t he  g a l a c t i c  
e lec t ron  sources and modulation charac te r i s t ics .  
t he re  are analogous implications. 
lower-energy e lec t rons  we observe i s  indeed a primary component of the in t e r -  
If they are of so la r  o r ig in ,  
I_ 
W e  wish t o  demonstrate here  t h a t  t h e  f l u x  of _ _  
* -  
planetary r ad ia t ion ,  and t o  discuss  i ts  proper t ies  i n  terms of i ts  possible  
or ig in ,  e i t h e r  g a l a c t i c  or  solar .  
-- 
The observations reported here w e r e  made with a s c i n t i l l a t o r  te lescope on I 
Explorer 18, a s a t e l l i t e  placed i n  an e l l i p t i c  o r b i t  with an apogee height of 
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193,000 kilometers. 
6 May 1964 when t h e  s a t e l l i t e  passed in to  a long period i n  t h e  ear th ' s  shadow, 
causing fa i lure  of the  detector .  
from the  sun l i t  s ide  of  t he  ea r th  beyond t h e  magnetosphere (terminating at about 
70,000 km) and beyond t h e  ea r th ' s  shock f ron t  (observed with a magnetometer5 and 
plasma sensor6 a t  about iQ0,OOO km) t o  t h e  region behind t h e  ea r th  and in s ide  
t h e  shock front .  
kilometers are reported here; throughout t h e  l i f e  of the instrument these  d a t a  
continued t o  be f r e e  from e f f e c t s  due t o  t h e  trapped rad ia t ion .  
Data were taken from t h e  launch, on 27 November 1963, u n t i l  
During t h i s  time i n t e r v a l  t h e  apogee moved 
Electron d a t a  taken only when t h e  sa te l l i t e  was beyond 125,000 
The detector was developed7 t o  study low-energy cosmic-ray protons , 
e lec t rons  and l i g h t  nuclei. It is composed of t h ree  s c i n t i l l a t o r s :  two i n  
coincidence, measuring energy loss and t o t a l  energy, and a guard counter i n  an t i -  
coincidence. When a t ab le  of i n t ens i ty  VS. measured energy lo s s  VS. measured 
t o t a l  energy is constructed from da ta  taken a t  apogee, t he re  i s  seen a d i s t i n c t  
canting r a t e  component of minimum-ionizing energy lo s s  and of low apparent 
energy. Am analysis of the  topology of d i s t r i b u t i o n s  i n  energy lo s s  and i n  t o t a l  
energy khroygh t h i s  minimum- ionizing component ind ica tes  t h a t  indeed i t  i s  com- 
posed of three d i s t i n c t  p a r t i c l e  groups: One group with t o t a l  energies cor- 
respmding to e lec t rons  tha t  s top  within t h e  de tec tor ,  a much smaller group with 
a high apparent t o t a l  energy equal t o  o r  exceeding t h e  energy l o s s  of a minimum- 
ion iz ing  cosmic ray t ravers ing  t h e  de tec tor ,  and a t h i r d  group with very low 
t o t a l  energies. 
r ad ia t ions  composed of ,  respect ively,  cosmic rays t h a t  avoid de tec t ion  by t h e  
We believe t h a t  t h e  l a t t e r  two components are sure ly  secondary 
guard counter ( for  .example, by turning i n t o  neu t r a l s  through reac t ions  wi th in  
t h e  de tec tor )  a d  garaaa rays made local ly  in the spacecraf t ,  producing randan 
and coherent coincidences between the  energy loss and t o t a l  energy detectors .  
These secondary e f f e c t s  w e r e  eliminated t o  produce Figure l a ,  which shows 
the  energy spectrum of e lectrons obtained during t h e  f i r s t  o r b i t  (27 t o  30 Novem- 
ber 1963) at  a time when t h e  observed electron in t ens i ty  w a s  a t  a typ ica l  m i n i -  
mum and when t h e r e  w e r e  no measurable time var ia t ions .  
comparison, a spectrum of t h e  difference between t h e  f i r s t  s t a t i s t i c a l l y  sig- 
n i f i can t  i n t ens i ty  increase (13 t o  16 January 1964) a d  t h e  inmediately pre- 
ceding i n t e n s i t y  (9 t o  12 January). 
t o  produce t h e  lat ter d i s t r i b u t i o n  s ince  t h e  e lec t ron  in t ens i ty  increase w a s  
unaccompanied by art increase of e i t h e r  secondary gemma rays  o r  spurious cosmic 
rays;  it was therefore  possible  t o  det+ermine t h e  in t ens i ty  t o  higher energies. 
The near ly  i d e n t i c a l  shapes of t h e  two corrected spectra suggest t h a t  t h e  elec- 
t rons seen d a i l y  m a y  have the  same or ig in  as  t he  ex t r a  ones seen on days of 
increased e lec t ron  flux. 
Figure l b  shows, f o r  
No background correct ions w e r e  necessary 
The i n t e g r a l  i n t ens i ty  of e lectrons of energy between 
2.7 and 7.5 XeV is 210. - + 10. electrons/m2sec.ster., and t h a t  of t he  increase 
between 3. and 12.5 MeV an  addi t iona l  100. f 10. electrons/m sec.ster. 2 
To daaonstrate  t h a t  most of the  observed e lec t rons  are not of l o c a l  or  
secondary o r i g i n  a t  t h e  s a t e l l i t e  (e.g., such as knock-on o r  cascade-shower 
e lec t rons  produced i n  or  near t h e  detector)  we  consider t h e i r  time var ia t ions .  
Figure 2 shows t h e  counting rate of these e lec t rons ,  p a r t i a l l y  corrected f o r  
slow gain d r i f t s  i n  t h e  de tec tor ,  plotted in t h e  form of one-quarter-orbit 
I 
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averages throughout t he  ac t ive  l i f e  of t he  instrument. 
occur a t  times when the  s a t e l l i t e  i s  within 125,000 kilometers; t he  other  t h ree  
points per o rb i t  are plot ted so  t h a t  each center  one represents  da t a  taken from 
beyond 185,000 kilometers.) Also shown are a comparison p lo t  “Crr of t h e  in te -  
grated cosmic-ray f l u x  in to  a s c i n t i l l a t o r  with about 0.3 gram sh ie ld ing ,  
and t h e  times of a recurrent minimum i n  the  in te rp lane tary  magnetic a c t i v i t y  
index Kp with a period of one so la r  ro t a t ion .  
(The gaps i n  t h e  da t a  
A dominant f ea tu re  of t he  e lec t ron  ra te  is t h e  appearance of many s t a -  
t i s t i c a l l y  meaningful i n t ens i ty  increases ,  including one s e r i e s  apparently 
coincident with t h e  recurrent  Kp minimum. 
were not accompanied by comparable increases i n  t h e  i n t e g r a l  cosmic-ray in tens i -  
ty above 15 MeV: t h e  magnitude of t he  e lec t ron  modulation i s  50 per cent on 
occasions, while t he  cosmic rays undergo modulations of less than 5 per cent. 
Further, following the  f l a r e  of 16 March 1964 the re  was a solar-proton event, 
accompanied by Type N so la r  r ad io  emission , during which t h e  f l u x  of protons 
of energy between 15 and 75 MeV b r i e f l y  increased by severa l  orders  of magni- 
tude, while t h e  3- t o  8-MeV e lec t ron  f l u x  rose  less than 50 3 25 per cent. 
u re  2 shows the quarter-orbit  average of t h e  t o t a l  integrated cosmic ray f l u x  
increasing a t  t h a t  time by about 10 per cent.) These comparisons demonstrate 
t h a t ,  a t  most, an in s ign i f i can t  f r a c t i o n  o f  t h e  e l ec t ron  modulation r e s u l t s  
from madulations of cosmic rays of energy above 15 MeV. 
These e lec t ron  in t ens i ty  increases  
8 
(Pig- 
Modulations of protons with energies below 15 MeV, such as 27-day recur- 
r e n t  so l a r  proton events s imi la r  t o  those observed’ with Explorer 1 2 ,  were not 
monitored w i t h  our apparatus; but these  would be expected a t  t h e  times of 
. 
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recurrent  Forbush decreases and geomagnetic a c t i v i t y ,  r a the r  than a t  the  time 
of our repeat ing e lec t ron  increases. 
s i t y  increases w e r e  observed ear ly  i n  t h e  life of t he  satel l i te  by Fan, Gloeckler 
and Simpsonlo but these w e r e  about two weeks out of phase with our e lectron 
enhancements and appear t o  be accompanied by, if anything, decreases i n  the  
e lec t ron  in t ens i ty  and i n  the  ga l ac t i c  comic  rays. 
Several such 1- t o  10-MeV proton inten- 
F ina l ly ,  a study of %hour averages of t h e  observed in tens i ty  of these 
electrons ind ica tes  no var i a t ion  w i t h  dis tance from the  ear th ,  e i the r  during 
o r b i t s  of miniraum in tens i ty  or  during times of increased in tens i ty ;  t he  elec- 
t ron r a t e  is constant through the  shock f ront  t o  a d is tance  of up t o  50 per 
cent beyond it. 
moon5 w a s  unaccompanied by an e lec t ron  in t ens i ty  var ia t ion .  
t rons are not secondary t o  cosmic rays or solar protons or  due t o  geophysical 
Further,  the  s a t e l l i t e ' s  passage through t i e  wake of t he  
Thus, these elec- 
processes. 
We f e e l  t h a t  t h e  question of whether these primary electrons o r ig ina t e  
a t  the sun o r  in t he  galaxy cannot be de f in i t e ly  answered on the bas is  of t h e  
ava i lab le  data;  however, the  following propert ies  of these electrons are COR- 
s i s t e n t  with t h e i r  being ga lac t ic .  F i r s t ,  t he  d i f f e r e n t i a l  energy spectrum of 
t h i s  3- to 12-neV component f i t s  smoothly onto a spec t r a l  p lo t  of t he  cosmic- 
ray e lec t ron  i n t e n s i t i e s  's2B4 at much higher energies. 
a t ions  of t h e  electrons can be compared t o  those of cosmic rays i n  t h a t  t he re  
is a s t rong co r re l a t ion  between the  electron in t ens i ty  increases and quiet  
interplanetary conditions,  evidenced by K minima and very small sea-level 
cosmic-ray in t ens i ty  increases.  
Second, the  time var i -  
P 
Third, there  appears t o  be a long-term increase 
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cE e lec t ron  in tens i ty  a f t e r  a correct ion of t h e  same order i s  applied €or a slow, 
monitored d r i f t  i n  de tec tor  gain; if this  increase is real, it is s i m i l a r  t o  
t h e  11-year modulation of cosmic rays as so l a r  minimum is approached. 
<he f a c t  t h a t  t h e  d i f f e r e n t i a l  cosmic-ray proton in t ens i ty  is peaked a t  abourr 
1. BV/c r i g i d i t y  and negl ig ib le  below 150 MV/c markedly cont ras t s  with the  f a c t  
rhat e lectrons of r i g i d i t y  5 3.5 W / c  are more abundant than those of greatzer 
r i g i d i t y .  
t o  th,? idealized i r r egu la r i ty  s c a l e  of the  modulating medium should be deElected 
shore than those 02 e i the r  extreme; thus these electrons of  l o w  r i g i d i t y  might 
:zi;inare i n  the galaxy and penetrate  t he  s o l a r  system as  eas i ly  as those of 
g r e a t  r i g i u i t y  . 
However, 
Parker has recent ly  pointed out" that  p a r t i c l e s  With gyroradius c lose  
IR s p i t e  of t he  foregoing arguiients for  ga l ac t i c  o r ig in ,  i t  is not inipos- 
s i b l e  t h a t  the electrons came instead from t h e  sun. Several p o s s i b i l i t i e s  p re -  
sent thanselves . For example, r e l a t i v i s t i c  e lectrons might be generated over 
mosr oi' the  upper surface of the  so l a r  atmosphere, i n  ~7hic.h c.?sc regioiis oP en- 
hanced and expanded p la sma  (which contain recurrent  proton Eluaes j would tend t o  
contair: fewer e lectrons while regions of quiet-t ime streaming would contain more, 
as w e  have observed. Further,  t h e  dece lcra t ion  of t he  electrons i n  t h e  enhanced 
pLasm,z night  be much grea te r  than tha t  i n  the  :,uie'L-tinle s t rcmii ig , ,  Aitel-na- 
t ive ly  , the electrons ;,light be associ2ted with the  development of new smspo t  
regfocs,  G,hich is 3 c h a r a c t e r i s t i c  of t h i s  phase of t h e  s o l a r  cycle 2nd appears 
t o  c o f c e l a t e  weakly r J i t h  the  observed p a t t e r n  of i n t ens i ty  increases." 
n n t ,  however, found a cor re la t ion  with any so l a r  r ad io  o r  o p t i c s i  a c t i v i t y .  
We have 
L 
~ 
~ 
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me results we quote here are prelhinary: an evaluation of the detec- 
tor response, providing a more exact spectrum, and a detailed investigation 
of the time variations w i l l  be given elsewhere. W e  are happy to acknowledge 
the efforts of the many people who made the Mp-1 a success. 
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FIG. 1. Di f fe ren t i a l  energy spectra  of e lectrons observed beyond 125,000 
kilometers f r a n  t h e  earth.  The f i r s t  spectrum is €ran t h e  apogee 
of t he  f i r s t  o rb i t ;  t h e  second is t h e  d i f fe rence  between measure- 
ments from t h e  13th and 12th o r b i t s  a d  indica tes  t he  f i r s t  s ig-  
nif i can t  increase in  intensi ty .  
FIG. 2. In tegra l  counting r a t e  of e lectrons throughout t he  ac t ive  l i f e  
of t h e  instrument p lo t ted  i n  quarter-orbi t  averages, 
rate "C" of cosmic rays into a t h in ly  shielded s c i n t i l l a t o r  and 
The counting 
5 t h e  t imes of one recurrent  minimum of t h e  interplanetary index 
are a l s o  shown. Recurrent Forbush decreases are seen in t h e  cosmic 
rays in early December and January a d  a s m a l l  so l a r  proton event 
occurs i n  Xarch; other increases can be l a rge ly  a t t r i bu ted  t o  t h e  
e lec t ron  m i x t u r e  i n  t he  cosmic rays.  
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